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Drosophila suzukii females typically lay few eggs per fruit, preferring not infested fruits. Hence 30 larvae are exposed to a reduced amount of nitrogenous waste products. On the contrary, the innocuous 31 Drosophila melanogaster lays eggs on fermented fruits already infested by conspecifics, with larvae 32 developing in a crowded environment characterized by accumulation of nitrogenous waste such as 33 ammonia and urea. Given these differences in oviposition and larval ecological niche, we expected 34 different behavioral and physiological mechanisms in the two species to cope with nitrogenous waste. 35
We investigated the impact of different concentrations of ammonia and urea on fecundity and larval 36 development in both species. Females and larvae of D. suzukii showed a greater sensitivity to high 37 concentration of both compounds, with a dramatic decrease in fecundity and egg viability. 38
To better understand the pathways underlying these differences, we evaluated the effect on ornithine 39
Introduction
Newly eclosed flies were transferred to fresh food vials, and were maintained under standard 120 conditions until tested. Females (5-6 days old) of about the same size were individually assigned, 121 using light CO 2 anesthesia, to a vial with 5 ml of standard diet with one of the following supplements: 122 urea at 25 mM (UL=urea low concentration) or 250 mM (UH=urea high concentration) or ammonium 123 chloride at 25 mM (AL=ammonia low concentration) or 250 mM (AH=ammonia high concentration), 124 or no supplements added to the food (CTRL). A pinch of active yeast was sprinkled on the food to 125 stimulate oviposition. After 24 h, females were removed from the vials and eggs counted under an 126 optical microscope. In this assay we quantified fecundity as the number of eggs laid within 24 hours. 127
One day later, presence of larvae and their conditions (alive/dead, 1 st /2 nd instar) were recorded. After 128 the first pupa appeared, pupae were counted and number and times of pupation were recorded twice 129 per day, at 10 a.m. and 5 p.m., for the following five days. As development was expected to be slower 130 on both ammonia-and urea-supplemented foods, the scores continued during the following days. The 131 larval developmental time has been considered as the number of hours occurring from hatching to 132 pupation. From the beginning of adult emergence, flies were collected, using CO 2 anesthesia, and the 133 provided. The oviposition substrates consisted of Ø 90 mm petri dishes filled with 20 ml of standard 144 food (CTRL), or with standard food and one of the following supplements: urea at 25 mM (UL) or 145 250 mM (UH), or ammonium chloride at 25 mM (AL) or 250 mM (AH). Sprinkles of active yeast 146 were added to the food to stimulate oviposition. 147
Freshly eclosed flies were transferred to fresh food vials and were maintained at standard conditions 148 until tested. Ten females (5-6 days old) of each species were collected, using CO 2 anesthesia, and 149 transferred to a bug dorm insect-rearing cage (30x30x30 cm; BugDorm-1, MegaView Science 150
Taichung, Taiwan) with the control petri dish in one corner, and the petri dish with supplemented 151 food on the opposite side. After 24 hours, the petri dishes were collected and the eggs counted under 152 an optical microscope. In this assay we quantified fecundity as the number of eggs laid in 24 hours. 153
The experiment included 10 replicates for each condition. 154
155

Semiquantitative analysis of the expression of genes coding for metabolic and detoxifying enzymes 156
Expression of ornithine aminotransferase (OAT) and glutathione-S-transferase D2 (gstD2) and D4 157 (gstD4) was assayed by RT-PCR in third instar larvae that had developed in standard food (CTRL) or 158 in standard food and one of the following supplements: urea at 25 mM (UL) or 250 mM (UH) or 159 ammonium chloride at 25 mM (AL) or 250 mM (AH). 160
A total sample size of about 15 larvae per treatment group was collected. We had no samples from the 161 AH group, because no larvae arrived at the third instar stage. Total RNA extracted from samples 162 using a TRIreagent:chloroform (Sigma-Aldrich, St. Louis, US) extraction, performed according to the 163 manufacturer's instructions. RNA samples were quantified using a Nanodrop spectrophotometer 164 (ThermoFisher Scientific, Waltham, US) and reverse-transcribed to cDNA using the Revert Aid Firstgel. Gel documentation was collected using a "Gel Doc XR", digitally evaluated with "Quantity One" 168 (Bio-Rad Lab., Milano, Italy) and normalized to the correspondent signals for tubulin. 169
170
Statistical analysis 171
For each species, non-parametric data related to eggs number, eggs-to-pupae and eggs-to-adults 172 viability, sex-ratio, and densitometry for enzymes expression were tested by a Kruskal-Wallis test. To 173 compare the effect between species, the number of eggs was normalized relative to the control, and 174 was analyzed with a Mann-Whitney test. Data related to larval developmental time (from hatching to 175 pupation) were averaged for each vial and tested by a one-way analysis of covariance (ANCOVA) 176
with Treatment as factor and number of eggs as covariate. A Bonferroni correction was applied when 177 post hoc multiple comparisons were performed. 178
The number of eggs laid in the preference test was analyzed with a Wilcoxon signed-rank test to 179 compare conditions (CTRL versus Treatment). A p-value of less than 0.05 was considered significant. 180
All statistical analyses were carried out using SPSS version 17 (IBM, Armonk, US). 181
182
Results
183
Female fecundity and larval development in no-choice assay 184
No significant difference in female fecundity was observed at low concentration of ammonia and urea 185 could strongly compromise eggs-to-pupae viability. This effect combined with a lack of efficient 321 detoxifying mechanisms confirmed by our study, explains well the incapacity D. suzukii to cope with 322 high load of urea. 323
In the wild, the adaptation of D. suzukii to fresh fruits as oviposition substrate, has allowed larvae to 324 develop in a safer and healthier environment. However, our study shows how metabolic adaptations to 325 fresh food have resulted in less efficient detoxifying and excretory mechanisms. Further studies are 326 necessary to better understand the interaction between female fecundity and nitrogenous compounds 327 for possible use of these chemicals as repellants or reproductive toxicants in natural conditions. 328
Moreover, more attention needs to be directed to the larval stage in D. suzukii, which is highly 329
affected by environmental variations and shows important adaptations to a diverse ecological niche 330 with respect to D. melanogaster. Our findings, in fact, suggest the possibility to significantly 331 compromise larval fitness and survival in the pest species via the exposure to environmental 332 compounds.
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